Abstract-Identification of transcriptional regulatory sites plays an important role in the investigation of gene regulation. For this propose, we designed and implemented a data warehouse to integrate multiple heterogeneous biological data sources with data types such as text-file, XML, image, MySQL database model or Oracle database model. The utility of the biological data warehouse in predicting transcriptional regulatory sites of co-regulated genes was explored using a synexpression group derived from a microarray study. Both of the binding sites of known transcription factors and predicted over-represented (OR) oligonucleotides were demonstrated for the gene group. The potential biological roles of both known and one OR nucleotides were demonstrated using bioassays. Therefore, the results from the wet-lab experiments reinforce the power and utility of the data warehouse as an approach to the genome-wide search for important transcription regulatory elements that are the key to many complex biological systems.
I. INTRODUCTION
A transcription factor, which is a DNA-binding protein, can regulate gene expressions and bind to specific sites in the upstream regions of the gene. A variety of transcription factors, which recognize the specific sites, cooperatively regulate gene transcription by interacting with RNA polymerase. Gene transcription mechanisms can be deciphered by firstly detecting gene regulatory sequences recognized by transcription factors that regulate the activation of the genes.
A previous study of regulatory site prediction by Horng et al. presented a data mining method to detect the associations between site occurrences with combinations of known TF binding site homologues and over-represented oligonucleotides [1, 2] . Here the method is extended to three categories of potentially regulatory sequences, i.e., known site homologues, over-represented oligonucleotides and DNA motif groups. Accordingly, the implemented algorithm detects sites that occur concurrently in the upstream regions of a specified gene group, and also finds the site co-occurrences (also called site combinations) that have both a support value and a confidence value. In the system, a user can specify the minimum support value, the minimum confidence value and the maximum number of sites in a site combination. In this study, an integrated biological data warehousing system for analyzing transcriptional regulatory sites in the human and mouse genomes was designed and implemented. The analytical results in each phase are stored in the database. Users can input a set of gene expressions from microarray data, a gene group or a set of upstream sequences, and then work on the analysis of their transcriptional regulatory sequences in a stepwise manner. The goal in this work is mainly to establish a biological data warehouse for the computational analysis of transcriptional regulatory sequences in gene upstream sequences. The system facilitates a comprehensive in silico gene regulation analysis process for correlating co-regulated gene groups from gene expression profiles, predicting regulatory sites in co-regulated gene upstream regions and detecting the co-occurrence of putative sites.
II. THE SYSTEM AND ITS IMPLEMENTATION
The data warehousing system proposed here also provides a uniform query interface for the easy retrieval of the biological information required in the analysis of the transcriptional regulatory sites in the system. The system enables the following functions: (1) extraction of gene information and tailoring the upstream regions; (2) predicting regulatory sites; (3) detecting site co-occurrences; (4) sTools for the visualization of the synergy between transcription factors; (5) user profiles and history pages. Additionally, our system integrates multiple regulatory site prediction methodologies and implements an approach to refine the resulting regulatory site into non-redundant ones. The system makes the complicated analyzing processes easier and provides a more user-friendly interface on the web.
III. APPLICATION OF THE BIOLOGICAL DATA WAREHOUSE TO STUDY TRANSCRIPTION REGULATION OF SYNEXPRESSION GROUPS DERIVED FROM A GENE EXPRESSION MICROARRAY ANALYSIS
In this study, we tested the application of the data warehouse system to identify common transcription regulatory sites in synexpression groups during mouse liver regeneration. Since the liver is unique among the mammalian organs in its ability to regenerate after severe injury and in disease, understanding the control of this well-orchestrated event is important for liver transplantation, gene therapy and for treatment of fulminant hepatic failure. Liver regeneration involves three main phases: priming, cell cycle progression and tissue remodeling/termination [3, 4] .Gene expression 0-7803-9329-5/05/$20.00 ©2005 IEEE during liver regeneration has been extensively studied [3] [4] [5] and recent microarray analyses [6, 7] have provided new insights into the growth regulation of the liver, but a comprehensive knowledge of the transcription regulation is still lacking. Liver regeneration involves three main phases: priming, cell cycle progression and tissue remodeling/termination phase [3, 4] .
In this work, we combined in silico analysis using RgS-Miner in the data warehouse with wet-lab work to identify the transcriptional regulatory sites in genes co-expressed during the G 2 /M phase of the regenerating mouse livers. Previously, we have demonstrated that Hurp is expressed during the G 2 /M phase of mouse liver regeneration [8] but the transcription regulation of Hurp has not been explored. Both the promoter and cis-element activities of Hurp gene were investigated.
IX. RESULT
From the experimental results, we find multiple putative transcription factor binding sites and OR were identified. Transcription factor binding sites common to 80 ~ 95% of the G 2 /M genes included Sp1, CREB, CDE/CHR and NF-Y. Multiple copies (5 or more) of one specific over-represented repeat, 5' cagca 3', was found in 79 of 80 G 2 /M genes. The occurrence of cagca within the 4000 bp upstream from the first ATG of G 2 /M genes is significantly higher than in the whole genome (P = 0.0848, Z score= 3.43) and is also higher than within the 4000 bp upstream regions of genes up-regulated at 96 h after partial hepatectomy (Z score= 0.62 vs. PHx 96h genes). This 5 bp OR seems to be selective for the genes up-regulated during G 2 /M phase. We named this 5-bp nucleotide the Y-like element. The Hurp gene has 5 copies of the Y-like element on both strands of intron 1. To determine the biological roles of these cis-elements in the G 2 /M genes, an enhancer reporter assay was performed using the Hurp gene as the example. Deletion of the core sequence of NF-Y (ccaat) resulted in a reduction of transcription activation by 3-fold. NF-Y is a key transcription factor for cell-cycle genes and acts by pre-setting the promoter architecture for other regulatory proteins [9] . Our data also supports its critical role as an enhancer for G 2 /M genes. Deletion of Y-2 and Y-4 resulted in an almost complete loss of enhancer activity by the Hurp gene. While the Y-like element (cagca) is a predicted OR, it has to be demonstrated if it binds a specific transcription factor. The biological significance of the Y-like element is currently under active investigation.
